Infections due to salmonella strains constitute one of the major health problems in 19 humans, particularly in Africa. Use of traditional herbs has proven effective in reducing the 20 incidence of infection in some high-risk groups. To assess the effects of Momordica charantia 21 leaf extracts that influence blood infestation, in vitro study of the effect on macrophages and 22 neutrophils, and treatment of mouse model of S. typhi infection was done. Methanol and 23 diethyl ether extracts were concerned by this study. In vitro study was to assess the effects of 24 extracts on phagocytosis and related intracellular killing mechanisms of macrophages were 25 examined. Later, mobilization of leukocytes and production of antibodies against S. typhi 26 were measured followed by quantitating cultures evaluation of the blood infestation of orally 27 inoculated mice with S. thyphi. Ingestion or attachment of carbon particles, production of 28 superoxide anion, nitric oxide and that of lysosomal acid phosphatase by macrophages and 29 neutrophils were significantly increased by methanol and diethyl extracts at concentrations 30 ranging from 40 µg/ml to 640 µg/ml. Antibody titer and mobilization of leukocytes, 31 particularly lymphocytes against S. typhi were highly increased by both methanol and diethyl 32 extracts at concentrations of 500 and 1000 mg/kg. In the same the extracts have reduced the 33 rate of blood infestation in mice inoculated with 10 8 CFU of S. typhi for 28 days. Reduction in 34 blood infestation rates was similar for levamisole mice group. Results of this study should 35 prove useful of leave of Momordica charantia for treatment of infections by salmonella 36 strains and for assessment of drugs for therapeutic intervention.
109
Salmonella typhi was used for this study. It was isolated from clinically sick patients. 110 It was maintained in the Department by serial cultures in SDS medium. This organism was 111 grown on MacConkey's agar, containing 2% agar, at 37 o C. For 18 hours and harvested into 112 sterile saline. The bacteria were washed three times in saline and finally suspended in 0.5% 113 formalinized saline. This suspension was incubated at 37 o C to kill the organisms and then 114 tested for sterility. This sterile suspension constituted the stock antigen and was stored at 2 o C. 115 The antigens for inoculation into mice or for the agglutination test were diluted from the stock 116 antigen with sterile saline to a density of tube of McFarlands nephelometer (10 9 organisms per 117 ml).
118
Preparation of plant extracts 119 Fresh leave of M. charantia were washed with distilled water and dried at 30 ºC. The 120 dried leave were ground and weighed. Subsequently, the dried powder was extracted with 121 98% diethyl ether (ratio: 1:5) for 3 days at room temperature. The solvent-containing extract 122 was then filtered and the filtrate was evaporated using a rotary evaporator to provide the 123 diethyl ether extract (D-Extract). The residue was dried and extracted with 80% methanol 124 with a ratio of 1:6. The filtrate was evaporated to provide the methanol extract (M-Extract). 125 To further ensure that all the water was removed, the extracts were freeze dried using a dry 126 ovum. The extract solutions were then prepared by dissolving 5 mg of extracts in the 0.25 ml 127 DMSO and diluting with PBS to be used in vitro and in vivo. 128 Ethical consideration and blood collection 129 Blood samples were collected from mice for experiment by cardiac puncture under 130 anesthesia by mixture of Ketamine/Xylazine administered at 2 different doses (50 mg/kg-5 131 mg/kg), 0.1 ml/100g b.w. intraperitoneally. Animal studies were in compliance with the Total white blood cells were obtained by collecting the plasma from heparinized mice 136 blood and diluted in equal volume of RPMI-1640 medium. Cells were harvested after 2 137 successive washings by centrifugation (1800 rpm, 10 min) in medium. Peritoneal cells 138 (neutrophils and macrophages) using elicitation methods after an intraperitoneally injection of 139 fetal bovine serum [27] . Neutrophils (PNs) were isolated 21 hours after injection of FBS while 140 macrophages were harvested 3 days after injection of FBS. Ten millilitres of cold RPMI were 141 injected in the peritoneal and the exudate was collected in sterile assay tube by syringe. The 142 exudates containing the cells were then centrifuged at 1200 rpm for 10 min at 4°C, and the 143 cells were washed twice and re-suspended in complete RPMI medium. Cells were counted 144 using a haemocytometer, and viability was assessed by trypan blue exclusion. Cell number 145 was therefore adjusted to the needed density.
146

Preparation of Carbon Particle Suspension
147
A stable suspension of carbon particles was obtained by suspending the ultra-fine 148 carbon powder in complete RMPI 1640. Then, the mass concentration of carbon particles in 149 suspension was quantified by measuring the optical density at 800 nm with a 150 spectrophotometer. A linear relationship has shown between mass concentration of carbon 151 particles and optical density (Fig. 1 ). Neutrophils or macrophages were cultured with the extracts in 96-wells plate for then 157 incubated at 37°C in a 5% CO 2 humidified atmosphere in RMPI 1640 medium with the 158 extracts for final concentrations (20 to 640 µg/ml) and LPS (4 µg/ml). Cell cultured added 159 into well containing LPS only and medium only were taken as positive and negative controls, 160 respectively. All solutions used were ensured to be lipopolysaccharide-free, and all assays 161 were performed in triplicate and under sterile conditions. The cells were stimulated as 162 described for all the various assays.
163
Phagocytosis Assay
164
In order to examine whether extracts affect the phagocytic activity of macrophages 165 and neutrophils, carbon Particles were used as test particles in the studies of phagocytosis. A 166 modification of the method as described by Margot [28] was used for the assessment of 167 phagocytic function. Briefly, 1 ml of carbon particles in complete medium (25µg/ml) 168 containing the extracts was added to test tubes with and without 1.5 x 10 6 peritoneal cells. The 169 samples were placed in a shaking water bath at 37ºC for 12 h in order to obtain cells 170 (macrophages and neutrophils) with attached and ingested carbon particles. The tubes were 171 then centrifuged at 1000 tr/min for 15 min. The supernatants from the tubes with and without 172 cells were measured in the spectrophotometer and the difference in carbon particle 173 concentration was taken as a measure of attached and ingested particles. The oxidative metabolism was measured by using the ability of the produced 176 superoxide to reduce yellow nitroblue tetrazolium (NBT) to blue formazan. The assay was 177 done to scrutinize the production of superoxide anion which is proportionally to reduction of 9 178 the NBT. The assay was performed as previously described [29] in macrophages and 179 neutrophils (1.5 ×10 5 cells/mL) from three rats. After 48 h of incubation with or without 180 extracts at 37°C in a 5% CO 2 humidified incubator, 50 µl of freshly prepared 1.5 mg/ml NBT 181 dye solution was added. Then, the adherent phagocytes were rinsed vigorously after 182 incubation for 60 min with RPMI medium and washed four times with methanol. After air 183 drying, 2 M KOH and DMSO were added, and the absorbance was measured at 570 nm using 184 a microplate reader.
185
Nitric Oxide Determination 186
Nitric oxide (NO) concentration was determined after 48 hours incubation with 187 samples in 96-well plates, NO levels in each well were identified using the Griess reagent 188 according to a previous study [29] . After pre-incubation of macrophages or neutrophils (1.5 189 ×10 5 cells/mL) with LPS (4 μg/mL) for 48 h, the quantity of nitrite in the culture medium was Macrophages or neutrophils (1.5 ×10 5 cells/mL) were incubated with LPS (4 μg/mL).
197
After the desired length of time (48 hours) of incubation, the culture media were removed.
198
Plates were washed twice with PBS. The adherent cells were then lysed with 100 µl of cold 10 202 buffer (pH, 5.4) . At 65 minutes, the reaction was stopped by the addition of 100 µL 1 N 203 NaOH. The color was measured at 410 nm in a microplate reader. The activity of the extract 204 (% stimulation) was calculated using the absorbance of treated and untreated wells.
205
Expression of Percentage of stimulation 206 The assay was carried out in triplicates. The activity of extract was expressed as 207 percentage of stimulation in each of the test well. The % of stimulation was calculated 208 according to the following formula:
The OD control is the optical density of negative control and OD sample, the optical density 211 of sample.
212
In vivo immunomodulation studies 213 In vivo leucocytes mobilization 214 Leucocytes mobilization method as described by Ribeiro [30] was used with few determined with haemocytometer and the differential cell count was determined by 225 microscopic counting of Giemsa stained perfusate smear on glass slide.
226
Antibody Titrations 227
Salmonella typhi agglutinins were measured by an agglutination test using an antigen 228 equivalent to 10 9 organisms per ml and doubling dilutions of anti-sera starting as 1/10. The
229
tests were incubated at 37 o C for 12 hours, and then read. A second reading was made after a 230 further incubation for 15 hours at room temperature. The titer of the serum was taken as the 231 highest dilution in which definite agglutination was detected. 10.09 ± 0.80% and 6.01 ± 0.80% for LPS-control, respectively. The results of this study as presented in figure 3 demonstrated that M. charantia 284 through its D-extract and M-extract at various concentrations caused a significant increase of 285 NO production by both neutrophils and macrophages when compared with the LPS control 286 (Fig.4) Acid phosphatase activity was measured in LPS-induced neutrophils and macrophages 307 after two days of incubation with the extracts. Our results showed that AcP activity, by with 308 the presence of D-Extract and M-Extract was significantly increased in a dose-dependent 309 manner (Fig. 4) showed decrease in number when compared with the control group (Table 2) .
335
Concentrations 500 mg/kg and 1000 mg/kg of D-extract also significantly increased the total 336 leucocytes count in concentration dependent manner compared to control group. In 337 differential leucocytes mobilization, all the tested doses significantly increased the 338 lymphocyte count. while, the basophil and eosinophil showed decrease in number when 339 compared with the control group (Table 3) . showed that HA titers increased after treatment at day 14 and day 28 in animal. In the M-347 extract treated group, the primary antibody titers ranged from 160 to 640 (mean of 228 and 17 348 in the control group) at 500 mg/kg, whereas that of animal receiving 1000 mg/kg was from 349 320 to 1280 (mean of 1280). For this extract also an increase of antibodies at day 28 with a 350 mean of 1664 and 4096 at the doses of 500 and 1000 mg/kg, whereas that of the control group 351 was 44. An increase in antibody titers was also seen in levanisole treated group as well as at 352 day 14 with a mean of 960 and 2304 at day 28 (Fig. 5 ). and 28 were 18 and 448 in the levanisole treated group, whereas the means were 8 and 11 in 360 the control group (Fig.6) . 
362
The probability is the result of turkey test indicating the difference of the doses against 363 control.
364
Effect on the blood infestation rate 365 At the time of blood collection after three experiment carry out independently, the 366 percentage of mice having blood infested with ≥1 CFU of S. typhi in 500 and 1000 mg/kg 20 367 treated groups was significantly lower than that of control groups. The proportion of infected 368 animal was found to be 83.33% and 44.44% respectively for 500 and 1000 mg/g/kg against 369 94.44% for the control group. Levamisole also significantly decreased the proportion of mice 370 with infested blood (38.88%) compared to control group (Fig. 7) . activities. This activity demonstrates an immunostimulation of phagocytosis [5, 31] . After 388 exposure to extracts neutrophils and macrophages were found to be more functionally, as 389 shown by the release of oxygen radicals. The results follow the earlier studies exhibiting in 21 390 vivo and in vitro stimulatory effect of phagocytic activity by fruits of this plant [8] [9] [10] .
391
Production of the reactive oxygen species (ROS) is known to be increased during infection 392 through activation of NADPH oxidase, therefore M. charantia leaf may be stimulated 393 synthesis or activation of NADPH oxidase.
394
Furthermore, it has been demonstrated that the extracts stimulate the production of 395 nitric oxide. The role of this nitrogen reactive specie is well known during immune reactions 396 [32] , and its production by neutrophils and macrophages is a result of iNOS synthesis. The 397 effect of M. charantia leaf extracts in salmonellosis may be also attributed to that reactive 398 specie production.
399
Under circumstances as bacteria activation, neutrophils or macrophages synthesis acid 400 phosphatase, what it has been seen in neutrophils and macrophages exposed to extracts. Thus,
401
M. charantia leaf might contribute in elimination of bacteria by stimulating lysosomal 402 enzymes synthesis.
403
The result of this present study indicated that the extract increased the total leucocytes 404 count of the perfusate when compared with the control group. Leucocytes migration is 405 important for the transport of immunological information between different compartments of 406 the immune system [33] , suggesting that are stimulating the response to S. typhi. In addition, it 407 has been found that all the tested doses improved the lymphocyte count. These cells are more 408 important in the production of immunomodulatory cytokines and production of antibodies.
409
Particularly, Th2 lymphocytes are direct leukocyte producing of IL-4, suggesting a prominent 410 role for these cells of the adaptive immune system in the biology of B cells notably 411 production of immunoglobulins what can be attributed to M. charantia leaf extracts.
412
In the current study, the primary antibody titer was found to be high in extract-treated the antibody then binds to the antigen, making them easier to ingest by the white blood cells.
420
In the present study it has been demonstrated the secondary antibody has been increased 500 421 mg/kg and 1000 mg/kg treated-groups. This indicates enhanced responsiveness of 422 macrophages, T and B lymphocytes involved in antibody synthesis by the extracts.
423
When S. typhi was given to mice, it has been found that the strain passes into blood 424 and multiply. Using the extracts to avoid this blood infestation in mice, it was found the The result of the current study suggests that immunomodulation may be a key factor in 433 therapeutic activity of extract of Momordica charantia leaf in treatment of salmonellosis. Technology which has adopted the guidelines established by the European Union on Animal
456
Care and Experimentation (CEE Council 86/609).
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